Although the order Chiroptera has received extensive systematic attention during the past century, because of incongruence among studies and a paucity of synapomorphic characters, many problems associated with higher-level phylogeny and taxonomy of bats still exist. One notable example regards phylogenetic affinities of Old World Myzopodidae and Neotropical Furipteridae, Natalidae, and Thyropteridae. Traditionally, these 4 families are believed to have shared a most recent common ancestor, yet, until recently, no study has specifically tested this hypothesis. A recent phylogenetic analysis detected strong bootstrap support for monophyly of these 4 families and recommended recognition of the superfamily Nataloidea to document this relationship. We used variation in mitochondrial DNA to evaluate the monophyly of Nataloidea. Phylogenetic analysis of DNA sequences from 3 adjacent genes (12S rRNA, tRNA Val , and 16S rRNA) failed to support monophyly of Nataloidea. Furipteridae, Natalidae, and Thyropteridae were related most closely to Noctilionoidea, whereas Myzopodidae represented a basal microchiropteran lineage. Our phylogeny is concordant with current geographic distributions and limited fossil record for the 4 families.
Systematics of bats (Chiroptera), especially microbats (suborder Microchiroptera), have been studied extensively during the past 100 years, yet many problems remain at higher taxonomic levels (Baker et al. 1991; Simmons 1998; Smith 1976 Smith , 1980 . General agreement exists that Rhinolophidae and Hipposideridae are sistertaxa (Bogdanowicz and Owen 1998; Corbert and Hill 1992; Hand and Kirsch 1998; Koopman 1984 Koopman , 1993 Koopman , 1994 Simmons 1998) and that the New World Phyllostomidae, Mormoopidae, and Noctilionidae (superfamily Noctilionoidea) represent a natural group (Koopman 1994) . Recent molecular studies indicate that Old World Mystacinidae shared a recent common ancestor with Noctilionoidea (Kennedy et al. 1999; Kirsch et al. 1998; Pierson et al. 1986; Van Den Bussche and Hoofer 2000) . Beyond * Correspondent: ravdb@okstate.edu these relationships, much incongruence has occurred among studies and phylogenetic affinities among remaining microchiropteran families are uncertain.
One generally accepted, albeit rarely tested, view is that Myzopodidae (Myzopoda aurita), Furipteridae (Amorphochilus schnablii and Furipterus horrens), Natalidae (5 species of Natalus), and Thyropteridae (3 species of Thyroptera) represent a monophyletic group. That view began with Miller (1907) and Thomas (1904) , who documented that members of these families share a mosaic of primitive and derived morphologic characters. Based on a review of chiropteran classification from the 17th century through the 1970s, Smith (1976 Smith ( , 1980 produced a phylogenetic hypothesis for higher-level relationships within Chiroptera depicting Thyropteridae, Furipteridae, and Natalidae as a monophyletic clade sister to a clade comprising Myzopodidae and Vespertilionidae. Shortly thereafter, Van Valen (1979:103) published what he referred to as the ''first explicitly justified phylogeny of the known families of bats, using all available characters.'' He agreed with Smith (1976) regarding Furipteridae, Natalidae, and Thyropteridae and suggested that Myzopodidae and Kerivoulinae (traditionally recognized as a subfamily of Vespertilionidae) also were related closely to these taxa. Van Valen (1979) relegated all 5 taxa as subfamilies of Natalidae. Unfortunately, neither Smith (1976) nor Van Valen (1979) published details of their data sets or analyses, making it difficult to evaluate the merit of their conclusions. Pierson (1986) was the 1st to examine molecular characters (immunologic distances) for higher-level relationships among microchiropteran families but, unfortunately, was unable to examine Myzopodidae. She detected a sister-group relationship between Furipteridae and Natalidae, which was the most basal microchiropteran lineage. That Furipteridae-Natalidae clade was sister to Noctilionoidea (Phyllostomidae, Noctilionidae, Mormoopidae, and Mystacinidae), which was basal to Thyropteridae. Subsequently, Baker et al. (1991) performed a cladistic analysis of rDNA restriction-site data from 13 extant microchiropteran families but obtained little resolution because of a lack of synapomorphies.
In a recent synthesis of morphologic and published rDNA restriction-site data, Simmons (1998) presented results of a ''total evidence'' analysis of chiropteran relationships that strongly supported monophyly for the group comprising Furipteridae, Myzopodidae, Natalidae, and Thyropteridae. That was the 1st true cladistic analysis that documented close affinities among these 4 families. Simmons (1998) recognized these relationships by combining the 4 families into the superfamily Nataloidea. In this study, we tested the monophyly of Nataloidea (sensu Simmons 1998) by performing a phylogenetic analysis on nucleic acid sequences from 3 adjacent genes (12S rRNA, tRNA Val , and 16S rRNA) in the mitochondrial genome, about 2.7 kilobases, for Furipterus, Myzopoda, Natalus, Thyroptera, and multiple representatives of 9 other families.
MATERIALS AND METHODS
Genomic DNA was extracted (Longmire et al. 1997) Bussche and Hoofer (2000) . Double-stranded amplicons were purified with the Wizard PCR Prep DNA Purification System (Promega Corporation, Madison, Wisconsin) and sequenced in both directions with Big-Dye chain terminators and a 377 automated DNA sequencer (Applied Biosystems, Inc., Foster City, California). Amplicons were sequenced entirely in both directions using a combination of flanking and internal primers (Van Den Bussche and Hoofer 2000). AssemblyLIGN 1.0.9 (Oxford Molecular Group PLC 1998) was used to piece together overlapping fragments of contiguous genes for each taxon. CLUSTAL W (Thompson et al. 1994 ) was used to obtain a multiple-sequence alignment of these taxa and sequences of all taxa examined by Van Den Bussche and Hoofer (2000) . Many parameters can affect alignment of multiple sequences, thereby affecting the resulting phylogenetic tree (DeSalle et al. 1994; Wheeler 1994 Wheeler , 1995 . Thus, all sequences were aligned with 3 gap : change ratios in addition to the default settings for CLUSTAL W (opening gap cost ϭ 10, extending gap cost ϭ 5). The alternative settings used were 5 and 4, 20 and 8, and 30 and 5 for opening-gap cost and extending-gap cost, respectively. All alignments were refined based on published secondary structural models (Anderson et al. 1982; De Rijk et al. 1994; Springer and Douzery 1996) and, with few exceptions, alignment gaps occurred within loop regions.
Phylogenetic analyses were performed using PAUP* (Swofford 2000) . Nucleotides were coded as unordered, discrete characters (G, A, T, C) and gaps were coded as missing data. Incongruence among data sets (12S rRNA and tRNA Val , 12S rRNA and 16S rRNA, tRNA Val and 16S rRNA) was evaluated with the homogeneity partition test (also known as the incongruencelength-difference test- Farris et al. 1994; Mickevich and Farris 1981) with 10,000 random partitions.
Parsimony analyses were conducted for each of the 4 sequence alignments with equal weights for all characters and substitutions, successive weighting (Carpenter 1994; Farris 1969) , and a 6-parameter weighting method (Cunningham 1997; Stanger-Hall and Cunningham 1998; Williams and Fitch 1990) with step matrices created for stems, loops, and tRNA Val .
Step matrices were imported into MacClade (Madison and Madison 1992) to fix, if necessary, triangle inequality of each step matrix. Because 36 sequences were examined, exhaustive and branchand-bound searches for the most-parsimonious tree(s) would have required a prohibitive amount of computing time (Swofford and Olsen 1990) . Therefore, we conducted heuristic searches with 25 random additions of input taxa and tree-bisection-reconnection branch swapping (Swofford and Olsen 1990). Stability or accuracy of inferred topology(ies) was assessed via bootstrap analysis (Felsenstein 1985) of 200 iterations with 25 random additions of input taxa and tree-bisection-reconnection for each iteration. Overall consistency indices (consistency index- Kluge and Farris 1969; retention indexFarris 1989) were calculated as a measure of fit between data and resultant topologies. Character-state changes were polarized by designating 2 megachiropterans (Pteropus hypomelanus and Nyctimene albiventor) as outgroups.
Specimens examined.-All tissues used in our study were represented by voucher specimens deposited in the American Museum of Natural History (AMNH), Natural Sciences Research Laboratory of the Museum of Texas Tech University (TK), or the Royal Ontario Museum (ROM 
RESULTS
Sequences for the 7 taxa we sequenced were deposited in GenBank (accession numbers: AF345921-AF345928). Alignment of 36 mitochondrial ribosomal sequences based on default parameters in CLUSTAL W resulted in 2,768 aligned sites, of which 1,230 sites (44.4%) were phylogenetically informative: 434 (35.3%) in the 12S rRNA, 29 (2.4%) in the tRNA Val , and 767 (62.4%) in the 16S rRNA. The homogeneity partition test indicated no significant incongruence among genes (P ϭ 0.31). Therefore, the 2.7-kilobase segment was analyzed as a single unit. Sequence alignments produced with alternative gap : change ratios ranged from 2,748 to 2,785 aligned positions. All alignments can be obtained from R. A. Van Den Bussche.
The 6-parameter weighting method resulted in a single most-parsimonious tree (length ϭ 11,702, consistency index ϭ 0.3134, retention index ϭ 0.5321; Fig. 1 ). The bootstrap analysis resulted in a slightly longer tree (length ϭ 11,881, consistency index ϭ 0.3086, retention index ϭ 0.5216) that differed primarily in topologies within Phyllostomidae and Vespertilionidae and an unresolved relationship of Natalidae to other microchiropteran families (Fig. 1) . Unweighted parsimony analysis produced a tree similar to Fig. 1 except that it did not depict a sister-group relationship between Molossidae and Vespertilionidae. The successive-weighting approach resulted in increased boostrap support for several weakly supported clades in Fig. 1 and produced moderate bootstrap support (73%) for a sister-group relationship between Myzopodidae and Emballonuridae.
Results of unweighted, successive weighting, and 6-parameter weighting of loops, stems, and tRNA Val based on 3 alternative alignments resulted in a similar number of most-parsimonious trees with similar consistency indices and retention indices. Moreover, bootstrap analyses of these data sets resulted in topologies similar to Fig. 1 and described above for the alignment based on the default parameters in CLUS-TAL W.
DISCUSSION
Phylogenetic analysis of DNA sequences from mitochondrial ribosomal genes strongly rejects monophyly of Nataloidea (sensu Simmons 1998), Smith's (1976) view that Furipteridae, Natalidae, and Thyropteridae are monophyletic, and Van Valen's (1979) view that Furipteridae, Myzopodidae, Thyropteridae, and Kerivoulinae are subfamilies of Vespertilionidae. We tested whether our most-parsimonious tree (Fig. 1) differed significantly from a tree constrained to force monophyly of Nataloidea by using the Kishino and Hasegawa (1989) , Templeton (1983) , and winning-sites (Prager and Wilson 1988) tests, as implemented in PAUP*. Our tree (11,702 steps; Fig. 1 ) was significantly different (P Ͻ 0.001) for all 3 tests than the constrained tree (11,887 steps). Although our phylogeny contradicts previous classifications (Koopman 1984 (Koopman , 1993 (Koopman , 1994 Miller 1907; Simmons 1998; Smith 1976; Van Valen 1979) , Pierson (1986) also detected close affinities among Furipteridae, Natalidae, Thyropteridae, and the Neotropical Noctilionoidea. Furthermore, our phylogeny and that of Pierson (1986) are more parsimonious regarding current distributions and fossil evidence of these taxa. The oldest fossil for any of the Neotropical families is a natalid-like bat (Hornovits tsuwape) from the early Eocene of North America (Beard et al. 1992) , whereas Myzopodidae has a fossil representative from Pleistocene deposits in east Africa (Hill and Smith 1984) .
Regardless of alignment or weighting scenario for parsimony analysis, placement of Furipteridae, Thyropteridae, and Myzopodidae to other microchiropteran families never changed, whereas the placement of Natalidae did change. Natalidae was placed either basal to a clade comprising Noctilioniodea plus Furipteridae and Thyropteridae (Fig. 1) or sister to Vespertilionidae. This ambiguity was responsible for the lack of bootstrap support for both the placement of Natalidae (Fig. 1) and the sister-taxon relationship of Molossidae and Vespertilionidae. We tested whether a tree supporting a sister-taxon relationship of Natalidae and Vespertilionidae differed significantly from our shortest tree because several previous studies have suggested this relationship (Miller 1907; Simmons 1998; Smith 1976; Van Valen 1979) . Our shortest tree (11,702 steps) again was significantly better than this alternative hypothesis (11,755 steps; P Ͻ 0.001 for Kishino-Hasagawa and winning-sites tests; P Ͻ 0.001 for Templeton test).
Our phylogeny depicts Myzopodidae as 1 of the most basal lineages within Microchiroptera. However, we believe it is premature to make firm conclusions regarding the position of Myzopodidae. Additional families of Microchiroptera, which could be related closely to Myzopodidae, need to be examined before suggesting a formal reclassification. Our goal was to test monophyly of Nataloidea (sensu Simmons 1998) by including proposed sister-taxa to Furipteridae, Natalidae, Myzopodidae, and Thyropteridae (Koopman 1984 (Koopman , 1993 (Koopman , 1994 Simmons 1998; Smith 1976 Smith , 1980 Van Valen 1979) . Clearly, Myzopodidae is not associated closely with Furipteridae, Natalidae, or Thyropteridae based on our data (Fig. 1) .
Higher taxonomic relationships of bats always have been problematic, probably because of rapid radiation and a resulting paucity of synapomorphies (Baker et al. 1991) . This factor should affect morphologic and molecular data equally. However, molecular approaches allow greater phylogenetic resolution because of the larger number of discrete characters. Sequence variation of mitochondrial ribosomal genes seems to provide good resolution of relationships among the families of Microchiroptera we examined. Results are concordant with current geographic distributions, the limited fossil record of Microchiroptera, and results from other studies of molecular characters. Our results agree with those of Pierson (1986) regarding affinities of Furipteridae, Natalidae, and Thyropteridae and with those of Kennedy et al. (1999) , Kirsch et al. (1998), and Van Den Bussche and Hoofer (2000) regarding the inclusion of Mystacinidae within Noctilionoidea. However, viewing our resulting phylogeny with caution is necessary because this tree was based on a suite of linked characters and may reflect evolution of the genes more than evolution of the taxa. We are examining the utility of several nuclear genes for resolving relationships among higher microchiropteran taxa. 
